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INTRODUCTION. 
Certain cases of lobar pneumonia in man have for a long time been 
considered  to  be  caused  by  Bacillus  mucosus  capsulatus  (Fried- 
l~inder's  bacillus).  Although this  view  has  been  repeatedly  ques- 
tioned, the clinical and pathological studies offer  fairly  convincing 
evidence in its support.  I  Few experimental studies on this subject 
have  been  undertaken,  and  little  attempt has  been  made  either  to 
reproduce the  disease  in  animals or  to  study the pathology of the 
early stages of the condition. 
Previous Experimental  Work. 
Kokawa, 2 working  with  guinea pigs,  mice,  and  rabbits,  was  unable  to  repro- 
duce  a  definite  lobar  pneumonia  with  Friedl~.nder's  bacillus.  In  two  instances 
lesions  corresponding  more  nearly  to  bronchopneumonia  were  found.  Intra- 
tracheal and  direct injections of bouillon cultures  into the lung were  the methods 
employed.  Based  upon  a  very  limited  number  of  experiments,  Kokawa  con- 
cluded  that  the  lung  could  be  infected  with  Friedl~inder's  bacillus  and  that the 
infection was  aerogenous  in  origin.  Furthermore,  he considered  that the bacilli 
were  able  to  cause  a  pneumonia  only  when  very  virulent  or  when  present  in 
great  numbers.  Certain  predisposing  factors,  according  to  this  author,  such  as 
trauma of  the  lung parenchyma,  are  necessary  for  the production  of  the  patho- 
logical  process.  Lamar  and  Meltzer,  3 working  more  recently  on  the  subject  of 
experimental  pneumonia,  have  reproduced  the  disease  successfully  in  two  dogs 
after  intrabronchial  insut:flation  of  the  organism.  The  pathological  findings  in 
this  work  are  not described  in  detail. 
Technique Employed and Results of Experiments. 
The  following  experimental  studies  are  based  upon  findings  in 
thirty-nine  cats.  The  cats  employed  for the most part were excep- 
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tionally  large,  well  nourished,  well  developed  animals.  They  had 
been kept in confinement  for but a  very short time and  showed no 
evidence  of  snuffles  or  other  disease.  Each  cat  was  treated  as 
follows : 
2 gm. of urethane were given  subcutaneously  2 hours before the operation. 
During insuffiation the cat was  subjected  to a very light  ether anesthesia  which 
lasted  from 5 to Io minutes. 
In  the  first  I3  experiments,  the  operation  consisted  of  the  following  pro- 
cedures.  With  the  animal  on  its  back,  the  mouth was  held  open,  the  tongue 
pulled  forward  and  downward.  A  small  filiform  catheter  was  now  inserted 
between  the vocal cords and carefully pushed  in  until  fairly definite resistance 
was encountered,  indicating  that the tip of the catheter had entered a bronchus. 
5 to 8 cc. of a  12 hour culture of B.  mucosus capsulatus were now insufflated 
slowly through the catheter with a syringe. 
The culture used in this first series of experiments was  recovered 
from the  lung exudate of a  patient that  died  3I~  hours  after  the 
onset of the first symptoms.  The organism  had  the characteristics 
of Bacillus mucosus capsulatus.  I  cc.  of the culture employed,  in- 
jected  intraperitoneally  into  a  medium  sized  guinea  pig,  kitled  the 
animal in about  18 hours.  38.4 per cent of the cats insufflated with 
the  organism  in  this  manner  developed  definite  lobar  pneumonic 
processes which involved entire lobes or the larger portions of lobes. 
These cats  all  yielded positive cultures  of Bacillus mucosus  capsu- 
latus  from  the  heart's  blood  at  autopsy.  The  remaining  animals 
showed  pneumonic processes  of  various  appearances.  In  some  of 
these, entire lobes were fairly firm, dark red in color, and microscop- 
ically showed  almost  complete  atelectasis  of  the  tissue.  This  was 
sometimes  associated  with marked congestion and  often with some 
alveolar exudation.  Often, small hemorrhagic areas were found; in 
others,  lesions  typical of bronchopneumonia  occurred.  One  of  the 
cats in this series of experiments developed a  pericarditis,  otherwise 
no  lesions  other  than  the  pulmonary  ones  were  found  at  autopsy. 
All  the  animals  that  showed the  lobar  type of  involvement became 
extremely prostrated  within  IO hours  after the  insufflation.  After 
24 hours the animal would lie in a semicomatose condition.  The cat 
was  usually  killed  as  shortly before  a  probable  exitus  as  could be 
estimated.  In no instance did the animal  live more than  72  hours. 
In  two  instances  the  cats  were  found dead at the  end  of 48  hours. 
The following experiments  4 will serve to illustrate the course of the 
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disease and the pathological findings in the cats that developed lobar 
pneumonia after  insufflation  of  cultures  of  Friedl~inder's bacillus. 
Experiment  3.--Large,  well  developed,  well nourished  cat.  7  cc.  of  culture 
were  insuffiated  intrabronchially.  24  hours  later,  the  animal  was  found  in  a 
markedly  prostrated  condition,  semicomatose,  with  respiration  definitely  accel- 
erated,  and  gray,  slimy,  viscid material  exuding  from  the  mouth.  The  cat  was 
killed at this time with chloroform. 
Autopsy  Findings.--The  right  inferior  lobe  is  enormously  enlarged,  being 
approximately three to  four times the size of the corresponding  lobe on the left. 
The  visceral  pleura  over  the  enlarged  lobe  is  cloudy,  but  smooth.  The  left 
lung  weighs  9.5  gin.,  the  right  46  gin.  (The  normal  weights  are  about  9  and 
I3  gin.  respectively.)  The  right lower  lobe is  firm and  consolidated  except  for 
narrow  marginal  areas  where  alveolar  structure  can  be  made  out.  The  color 
is  in  general  dark  red  and  the  lobular  markings  are  accentuated  because  of 
injection  of  the  entire  lobular  lymphatics.  On  cross-section  the  cut  surface  is 
covered  with  a  large  amount  of  stringy,  mucoid,  slightly  sanguinous,  grayish 
material.  On  pressure,  this  can  be  easily  expressed  from  numerous  foci.  The 
surface,  on removal of the exudate, presents  a very striking, mottled, marble-like 
appearance.  Poorly  defined,  gray  areas  are  surrounded  by  hemorrhagic  areas. 
No  clearly defined  lobular  distribution  of  the process  can  be made  out.  Pieces 
of  the  lung  sink  in  water.  The  tissue  does  not  present  a  granular  appearance. 
Over the surface of the left superior lobe, about the hilus, are raised  (2 to 5 ram. 
in  diameter),  injected,  nodular  areas.  These,  on  cross-section,  represent  small, 
grayish,  circumscribed  foci  of  consolidation  with  hemorrhagic  margins.  The 
findings  elsewhere show nothing remarkable. 
Cultures  taken  from the heart's  blood,  lung exudate, and  spleen all showed  a 
pure culture of Bacillus mucosus capsulatus. 
Microscopic  Findings.--Sections  were  taken  from  various  portions  of  the 
right  inferior  lobe  and  fixed  in  formalin  and  Zenker's  fluid,  stained  in  hema- 
toxylin and  eosin,  methylene blue,  and  also  by Gram's  method.  All the sections 
show alveolar spaces completely filled with exudation except in tissue taken  from 
the margin  of the lung.  Here the demarcation  between air-containing and  infil- 
trated  lung tissue often is very sharply shown.  In most of the sections,  consoli- 
dation  is  complete  and  does  not  suggest  a  focal  or  bronchopneumonia.  The 
alveolar exudate  consists  chiefly of  dense  blue-staining  masses  of  extracellnlar, 
Gram-negative,  capsulated  bacilli  and  polymorphonuclear  cells  (Fig.  3)-  Scat- 
tered throughout the field are spaces almost completely filled with red blood cells. 
Large  vacuolated  mononuclear  cells  are  rarely  seen.  Some  of  the  bronchi  are 
completely filled with exudate, others are air-containing. 
Sections  taken  from  the  focal  lesions  in  the  left lung  show  alveolar  spaces 
about bronchi that  are filled with exudate  similar to that  described  above. 
Experiment 5.--Large adult, male cat.  Technique the same as in the previous 
experiment.  24  hours after insufflation  the  animal is markedly prostrated, refuses 
food, is dyspneic,  and  coughs.  Killed 28 hours  after  insufflation. 
Autopsy  Findhzgs.--The  pleural  cavities  contain  no  free  fluid;  the  visceral 
pleura  of  the  right inferior  lobe  is  somewhat  opaque.  The  left lung weighs 21 
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ing middle lobe  of  this  lung.  Both  are very much redder  than normal and in 
places  suggest infarcted lung tissue.  The consistence is  firm,  non-crepitant, ex- 
cept  for  marginal areas.  On  cross-section  the  surface  is  homogeneous in  ap- 
pearance, and moist.  A  small amount of seropurulent, slightly sanguinous exu- 
date can be expressed  from the bronchi.  This is  not viscid in character,  The 
scraped  surface has a  slightly granular appearance. 
Cultures taken from the heart's blood and from the lung exudate show  pure 
growth of  characteristic capsulated bacilli. 
Microscopical Findings.--Sections  taken  from  various  portions  of  the  con- 
solidated  lung  were  fixed  in  Zenker's  fluid  and  formalin  and  stained  with 
methylene blue and eosin and by Gram's method.  All the alveoli are completely 
filled  with  polymorphonuclear cells.  Scattered  through  the  exudate  are  rare 
vacuolated, large mononuclear cells,  few  capsulated  bacilli,  a  small amount of 
fibrin,  and  few  red  blood  cells.  The  capillaries  of  septal  walls  are  slightly 
dilated.  The  lumina of  the  bronchi  contain granular coagulum  and  polymor- 
phonuclear leucocytes. 
Experiment  6.--Large,  well  nourished,  adult  cat.  The  technique  employed 
was the same as in the last two experiments.  The animal 24 hours after insuffla- 
tion  is  inactive,  refuses  food,  and  seems  somewhat  dyspneic.  48  hours after 
injection dyspnea is more marked;  found in semicomatose condition.  Killed at 
this time. 
Autopsy  Findings.--The  left  lung  weighs  12  gm.,  the  right  42  gm.  The 
pleural cavities contain no free fluid.  The visceral pleura of  the  right inferior 
lobe  is  somewhat  opaque.  This  lobe  is  greatly  enlarged.  The entire  lobe  is 
apparently completely consolidated and  is  moderately firm  in  consistence.  On 
cross-section  the  surface  presents  an  almost  homogeneous  appearance.  It  is 
pink to  light  red  in  color.  A  small amount of  mucopurulent exudate  can  be 
scraped off with the edge of the knife and expressed from the bronchi.  Cultures 
from the heart's blood and the lung exudate show a pure growth  of  capsulated 
bacilli. 
Microscopical Findings.--Sections  were  taken  from  the  consolidated  lobe, 
fixed,  and  stained as  in the  previous experiments.  They show  alveolar spaces 
uniformly and  completely filled  with  exudate.  This  everywhere  has  the  same 
characteristics,  and  consists  chiefly  of  polymorphonuclear cells  and  few  large 
phagocytic  mononuclear cells,  often  containing capsulated  Gram-negative  ba- 
cilli.  There  are  a  few  red  blood  cells  and  little  fibrin present.  The  bronchi 
often contain a similar exudate. 
The  second method  employed to  reproduce  the  Friedl~inder type 
of  pneumonia was  the direct  injection of  bouillon cultures  into the 
femoral vein.  Four  animals received  5  cc.  of  a  culture similar to 
that used in the preceding series.  These showed  evidence of  slight 
toxemia within twenty-four hours after  the  injection.  The clinical 
picture  was  quite different  from  that  in the  preceding experiments 
and  it  is  believed that  all the  animals would have  survived.  They 
were killed from one to five days after the  injection.  The autopsies 
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A  third series  of ten animals  were treated  as  follows: The ether 
anesthesia  was  followed by an  intrabronchial  insufflation of  strong 
ammonia fumes for a period of thirty seconds to one minute.  In this 
connection it should be stated that the injury to the lung parenchyma 
produced by this procedure was  not  extensive.  In the majority of 
animals  no  lesions  or  only slight  hemorrhagic  loci  were  found  at 
autopsy after the insufflation of ammonia  fumes.  The fumes were 
forced in through a  catheter by blowing through a  series  of bottles 
arranged  with  two-hole  stoppers.  In  most  instances  the  fumes 
elicited definite coughing.  Immediately after the insufflation of the 
ammonia,  5  cc.  of  a  12  hour  bouillon  culture  of Bacillus mucosus 
capsulatus were injected into the femoral vein.  30 per cent of these 
cats de~,eloped pulmonary lesions that had the characteristics of lobar 
pneumonia.  In each of these cases the animals developed symptoms 
quite similar to those in the first series that s,howed lobar pneumonic 
processes.  The extreme prostration was  striking.  The animals  in 
this  last  series that  developed no pulmonary lesions  acted like those 
injected  intravenously  without  intrabronchial  insufflation.  The 
autopsy findings were also similar. 
Experiment 30 will serve to illustrate the course of the disease and 
the pathological  findings  in  a  cat  developing a  lobar pneumonia  5 6 
hours after the intravenous injection of the organism and intrabron- 
chial insufftation of ammonia  fumes. 
Experiment  26.--Large,  well  nourished,  and  well  developed  cat.  24  hours 
after  injection  the  animal  is  markedly  prostrated,  refuses  food,  and  is  slightly 
dyspneic.  After 48 hours it is in a  semicomatose condition with marked dyspnea. 
It  attempts  to  hold  up  its  head  as  if  to  facilitate  respiration.  It  was  killed  at 
this time. 
Autopsy Findings.--The pleural cavities  contain  no  free fluid.  The visceral 
pleura of the right inferior lobe is distinctly  opaque and is covered over limited 
areas by a  thin  deposit  of fibrin.  There is  extreme enlargement of this  lobe; 
it is firm, non-crepitant,  and apparently completely consolidated.  The right lung 
together with the heart was  preserved in  Kaiserling's  solution  as  a  permanent 
specimen  (Fig.  I).  This weighs  IiO gin. (normal weight 30 to 35 gm.).  The 
inferior lobe  is  dark  red  in  color  and  shows  poor  definition  of  lobules  with 
absence of alveolar markings  except along the margins.  The cut surface of the 
consolidated  lobe  (Kaiserling preparation)  presents  a non-homogeneous  appear- 
ance, but apparently is diffusely infiltrated  (Fig.  2).  Large hemorrhagic,  poorly 
defined areas in the central portion are everywhere surrounded by gray,  slightly 
hemorrhagic tissue.  The process  does not suggest  a lobular  distribution. 
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Microscopical Examination.--(Kaiserling material.)  Although  the  sections 
are not entirely satisfactory, the  alveolar spaces  are  found to be filled  with an 
exudate  made  up  of  polymorphonuclear cells,  many capsulated  bacilli, consid- 
erable coarse fibrin, many red blood cells,  and a  few large vacuolated mononu- 
clear phagocytic cells.  The amount of exudate varies somewhat,  however; no- 
where  are  air-containlng alveoli seen.  The  bronchi often  contain an  exudate 
similar to that in the alveoli.  The bronchial epithelium is everywhere intact. 
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In a  fourth series  of  experiments, various strains of  streptococci 
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sulTlation of ammonia fumes, as in the previous series.  The organ- 
isms  were obtained  either  from lung punctures  or  from the  lung 
tissue  of  patients  dying  of  lobar  pneumonia.  Eleven  cats  were 
each given 5 cc. of a 24 hour bouillon or hydrocele fluid culture of 
the various organisms.  But  one of the animals developed pulmo- 
nary lesions.  In Experiment 29 after the injection of a culture of 
pneumococci (Group  I)  a  very early lobar pneumonia was  found. 
SUMMARY. 
The  foregoing experiments  show  that  in  cats  a  definite  lobar 
pneumonia may be caused by Bacillus mucosus capsulatus.  Judging 
both from the clinical course and from the pathological findings, this 
form of pulmonary infection differs from the usual pneumococcus 
types of pneumonia and closely resembles the so called Friedltinder's 
bacillus  or Bacillus  pneumonice  in man.  In all instances in which 
a  lobar pneumonia was  found after the injection of the bacillus,  a 
similar organism was recovered from the lung, and in no case was 
this associated with other organisms.  The course of the disease in 
cats  is  very short,  the animals developing early symptoms of pro- 
found  toxemia.  In  87  per  cent  of  the  animals  showing a  lobar 
pneumonia positive blood cultures were obtained.  The pathological 
findings, judging from the early stages of the disease, are subject to 
considerable variation.  In some ins'tances the process may suggest a 
pseudolobar  or  confluent lobular  distribution.  In  these  cases  the 
lung has a mottled, marble-like appearance.  In the majority of cases, 
however, the process gave a more homogeneous appearance, suggest- 
ing a  diffuse and uniform distribution.  Foci of hemorrhage were 
not uncommon in both.  Such areas  cause the mottled appearance 
sometimes found.  In all instances the consolidated lung presents a 
greater infiltration of tissue than is  usually seen in other types of 
experimental pneumonia.  Although the exudate as seen on the cut 
surface may be abundant and especially viscid in character, this is not 
present  in  most  cases.  The  cut  surface of  the  consolidated lung 
does not present a  granular appearance.  The histological findings 
are  also  subject  to  considerable variation.  In  most  instances  the 
infundibular and alveolar spaces are completely filled with an exu- 
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these are the capsulated bacilli, large vacuolated mononuclear phago- 
cytic cells,  and  red blood  cells,  and  occasionally small  amounts  of 
fibrin.  The organisms may vary greatly in numbers.  Some sections 
show spaces almost completely filled with bacilli.  The contrast be- 
tween spaces containing an exudate consisting chiefly of polymorpho- 
nuclear  forms and an adjoining one filled with organisms  is  often 
striking  (Fig.  4).  The  bacilli  found  are  both  intra-  and  extra- 
cellular. 
The large vacuolated cells are numerous in this *ype of pneumonia. 
They apparently  are  the  first  cells  to  become phagocytic.  Often 
they are seen to contain as many as IO to 15 capsulated bacilli, while 
polymorphonuclear cells in the same exndate contain no organisms. 
The histogenesis of these cells seems to be somewhat clearer  from 
the study of these early stages  of pneumonia.  In many instances 
one  sees  swollen,  partially  desquamated  epithelial  cells  along  the 
alveolar wall.  These closely resemble the large vacuolated  forms. 
Various types of these vacuolated mononuclear cells were observed. 
These may well represent stages  of development from the desqua- 
mating epithelial cell to the large vaciaolated form.  Although sim- 
ilar  cells may arise elsewhere, we have .been led to  regard them in 
our studies as epithelial in origin  (Fig.  5). 
The number of red blood cells and the amount of fibrin present 
in  the  exudate  vary  greatly.  Small  loci  consisting  of  alveolar 
spaces filled with erythrocytes are not uncommon.  The fibrin is very 
much less abundant than in most types of pneumonia. 
From the above experiments it is  seen that a  lobar pneumonia in 
ca.ts can be produced at leas~t by two methods, either by intrabronchial 
insufflation  of  the  organism  or  by  direct  injection  into  the  veins, 
provided  that  in  the  latter  case  an  irritant  is  introduced  into  ~he 
lungs.  In each case there is  little doubt but that a  local injury of 
the lung parenchyma was produced.  Without this  injury  (that is, 
by intravenous injection of the organism alone), no pulmonary lesion 
was obtained. 
Further  studies with both  these methods must be  undertaken to 
ascertain more exactly the sequence of the pathological process.  It 
seems probable  that they are identical in each case. 
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a lobar pneumonia offer suggestive evidence in support of a hematog- 
enous causation of this disease in at  least  certain instances.  It  is 
not proposed to discuss the aerogenous versus hematogenous theories 
at this time.  Kidd  5 has recently reviewed the subject and states that 
the aerogenous theory for the causation of pneumonia is most widely 
held.  This view has gained credence especially since the work of 
Meltzer and Lamar.  In spite of this, Kidd emphasizes the fact that 
based on our knowledge of pulmonary infections in man and upon 
theoretical grounds and upon certain experimental facts,  the hema- 
togenous theory seems more plausible. 
No definite conclusions can be drawn from the last series of ex- 
periments.  From  this  limited  study  it  seems probable  that  lol~ar 
pneumonic processes are produced less  easily after  intravenous in- 
jection of various cocci and insufflation of irritating substances than 
by-similar treatment with Friedl~inder's bacillus. 
CONCLUSIONS. 
I.  A  typical lobar pneumonia can be produced in cats  either by 
intrabronchial  insufflation of  Bacillus  mucosus  capsulatus  (Fried- 
l~inder's  bacillus)  or  by  its  intravenous  injection, provided that  a 
local injury of the lungs coexists. 
2.  Pathologically, this form of experimen'tal pneumonia, although 
subject to considerable variation,  has distinctive characteristics. 
The  authors  wish  to  take this  opportunity to  thank  Dr.  W.  T. 
Councilman and Dr. H. A. Christian for valuable suggestions in con- 
nection with ~chis work; and Mr. H.  S. Aiken for the accompanying 
illustrations. 
EXPLANATION  OF PLATES. 
PLATE 79. 
FIG. I.  Photograph of right lung (Experiment 26), lateroposterior view, show- 
ing markedly enlarged consolidated inferior lobe  (about actual size). 
FIG. 2.  Cross-section of lung and heart  (Experiment 26),  as seen in Fig.  I, 
showing complete consolidation of inferior right lobe  (about actual size). 
PLATE 80. 
FIG. 3.  Section from  consolidated lung  (Experiment 3),  showing the  char- 
acter of the exudate  (low power).  A, capsulated bacilli; B, polymorphonuclear 
cells; C, fibrin; D, dilated capillary of alveolar wall. 
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FIG. 4.  Section  from  consolidated  lung  (Experiment  3),  showing  the  dif- 
ference  in  the  character  of  the  exudate  in  adjoining  alveoli  (high  dry).  A, 
numerous  capsulated bacilli;  B, polymorphonuclear forms. 
PLATE 8I. 
FIG.  5'  Section  from consolidated  lung  (schematic  reproduction)  (Experi- 
ment 8),  showing vacuolated type of cells  (oil immersion).  A, epithelial cell  of 
alveolar wall;  B, early forms of desquamated epithelial  cells,  showing vacuoles; 
C,  typical  large  vacuolated  cells  containing  capsulated  bacilli  and  pigment;  D, 
polymorphonuclear cells  containing capsulated bacilli. THE  JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  XXII.  PLATE  79. 
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